Abstract. Spiders play an important role in the ecosystem. They are the controller agent of the biodiversity and therefore they should be preserved. This study aims to analyze the distribution and diversity of spider (Arachnida: Araneae) in Sahendaruman Mountain, the Islands of Sangihe, North Sulawesi, Indonesia. The sample is taken from three types of habitat including the secondary forest, shrub and plantation area. The sample is obtained using a pitfall trap and a sweep net. The data analysis includes the richness, abundance, diversity and evenness of species between the habitats. The results show that there are 15 families, 117 morphospecies and 812 individual spiders identified. The abundance and the number of family species that are mostly found is Salticidae, followed by Thomisidae. The distribution of the spiders shows that 13 families are spread out in all types of the habitats and two families only inhabit one type of the habitats. The highest level of richness, abundance, diversity and evenness of the spider species is found in the secondary forest, while the lowest level are found in the shrub. The results reveal that the secondary forest has the highest diversity of spiders compared to the other habitat.
Introduction
The protected forest of Sahendaruman Mountain is one of the conservation parks located in the Sangihe Island, North Sulawesi, Indonesia. Sangihe is one of the big islands in the group of Sangihe Islands and Talaud extending from north end of Sulawesi to South end of Mindanau island in the Philippines. The area is established as protected forest with the width of 3.549 ha as stated in the letter from Ministry of Forestry and Plantation No.452/ks-/1999 on June 1999. Sahendaruman Mountain is located at 03 0 30.99 S and 125 0 31.25 E and is 1.031 meter from the sea level. The area of the mountain is one of the tropical forest and the center of the biodiversity of Sangihe Island in which diversity of endemic flora and fauna whose living depends on the original forest left (Kainde, 2011) .
Spider is one of the fauna in the area of protected forest of Sahendaruman Mountain. A spider has two parts of the body including cephalothorax and abdomen (Oyewole and Oyelade, 2014) . This animal belongs to the filum of Arthropoda, class of Arachnida, ordo Araneae and is also the biggest group with the highest diversity (Puja, 2014; Enriquez and Nuñeza, 2014) . To date, there are around 45.829 spider's species have been described, which are classified into 114 race and 3977 genera (American Museum of Natural History, 2016) . Approximately, the number of spider's species in the world can reach up to 170, 000 species (Mineo and Claro, 2010) .
Spider is classified as generalist predator and has a great influence toward the structure of the community, especially the food chain and food web. Spiders play important role as the predator, especially the predator of insects and therefore they contribute to control the insect population (Borror et al., 1996; Kostanjšek et al., 2015) . Spiders can also be the biodiversity controller agent for various insect pests due to their polyphagous characteristic. Based on the roles mentioned, it shows that spider is important in the food chain. Spiders also play important role in the agriculture, plantation and housing to protect from the pest insects (Brunet, 2000) . Furthermore, spiders can also be the bio indicator for the change of the environment (Kapoor, 2006) .
Tropical forest has a huge diversity of spider species (Suana, 2004) . Spider likes the habitat that is protected from the heat, easy for them to attach their web, safe from the nest or web destruction as well as the place that can maximize their time in searching for the prey (Morse, 1984; Pollard et al., 1995) . The diversity of spiders in the ecosystem is influenced by several factors (Larrivee and Buddle, 2010) . The change of the ecosystem from a tropical forest to a plantation area and a settlement will affect the diversity of spiders living in the ecosystem. The decrease of the vegetation diversity in the tropical forest will lead to the decrease of the diversity of spiders (Samu et al., 1996; Reichert and Lockley, 1984) . On the other hand, the structure and complexity of an ecosystem will also increase the abundance of spiders (Reichert and Lockley, 1984; Chew, 1961) .
The forest destruction and the changing function of the land in Sahendaruman Mountain could have an impact on the flora and fauna living in the area including spiders. Therefore, the current distribution and diversity of spiders needs to be evaluated. This study aims to analyze the distribution and diversity of spider in Sahendaruman Mountain, the Islands of Sangihe, North Sulawesi, Indonesia.
Materials and Methods

Study area and land-use types
The sampling is conducted in four months from March to June 2016 in Sahendaruman Mountain, the Islands of Sangihe, North Sulawesi, Indonesia (Figure 1) . The secondary forest is the forest that is growing and develop naturally after the destruction of the primer forest. The forest destruction in this location was occurred 40-50 years ago. Several trees are growing in this area including Alstonia macrophylla The shrub is the neglected land, used to be forest and plantation, in which shrubs grow and dominated by Imperata cylidrica dan bamboo (Bambusa sp). The sampling is located at 481-503 m above the sea level. The coordinates of each plot are 03°28'37.98"S/125°31'03.83"E (plot 1); 03°28'40.65"S/125°31'03.92"E (plot 2); and 03°28'42.39"S/125°31'04.14"E (plot 3). The temperature in the habitat is around 29.9 o C-32.0 o C, the air humidity is approximately 50%-60%, and the depth of leaf litter is 1-4 cm.
Sampling
The sampling is conducted in three types of habitat namely, secondary forest, shrub and plantation area ( Figure 2 ). Three plots of 50 cm x 50 cm are created in each type of habitat with the distance between each plot is 500 m. Four transects with the length of 50 m are created in each plot and the distance between the transects is 15 m. The sample is obtained using a pitfall trap and a sweep net. The pitfall trap is to collect spiders that move on the surface of the ground and the sweep net is to get the spiders that inhabit the vegetation (Vincent and Hadrien, 2013) . The pitfall trap used in this study is made of plastic cylinder planted in the ground (the measurement are volume 20 m, diameter 5.3 cm and height is 9.8 cm). The plastic cylinder is filled half full with the solution consisting one litre of water, three spoons of detergent and three spoons of salt. The surface of the cylinder is at the same level of the ground. The plastic cylinder is covered by shade to avoid the rainfall. The spiders that pass by the trap is expected to be trapped and died in the cylinder. There are five traps in one transect with the distance between The collection of spiders from the sweep net is obtained by swinging the net hundred times in each transect from 09.00 am to 15:00 pm, Indonesian east time. The measurement of the cone net is 60 cm depth, 300-380 cm diameter, and the length of the net stick depending on the height of the plants.
The sampling using the pitfall trap and sweep net is conducted for four months. The spiders collected are kept in the Eppendorf tube filled with 95 per cent of alcohol. The sample taken from the pitfall trap and sweep net are then identified and counted individually. The process of identification is based on the external morphology provided in the book written by Borror et al. (1996) , 'Spider and their kin' (Levi and Levi, 1990) , and the 'Riceland spider of South and Southeast Asia' written by Barrion and Litsinger (1995) .
Data analyses
The data analysis discussed in this study includes the abundance of the species (n), the richness of the species (s), the diversity of the species (H) and the evenness of the species (E). The abundance of the species is the number of individual species found in each plot of sampling while the richness of the species is based on the number of species appear in each location of the study. The diversity of the species is determined Where: P i = The proportion of each species ; ln = Natural logarithm (natural number). The evenness of the species is determined by the evenness index of Shannon (E) (Magurran, 2004) , using the following formula: E = H/ln(S); E = evenness; S = The number of species. The analysis is carried out using Statistica 6. One way ANOVA and Tukey's test with 95 per cent of confidence interval are employed to examine the differences of the richness of the species, the abundance of the species, the diversity value of the species as well as the evenness of the species in each type of habitat (StatSoft, 2001; Ohsawa, 2005) .
Results
The results show that there are 15 families, 117 morphospecies and 812 individual spiders found. The abundance and the number of family species that are mostly found is Salticidae (35.10 %), followed by Thomisidae (16.26 %). The Salticidae is also the family that has the biggest number of species identified (31 morphospecies), followed by the family of Thomisidae (22 morphospecies) as shown in Table 1 and Figure 3 . The highest level of richness of the spider species is found in secondary forest (34.98 %), while the lowest level is found in the shrub (32.27 %) as presented in Table 1 . The results reveal that the secondary forest has the highest diversity of spiders compared to the other habitat. The distribution of the spiders shows that 13 families are spread out in all types of the habitats and two families only inhabit one type of the habitat. The family of Nephilidae is found only in the shrub and Pholcidae is found only in the secondary forest.
The highest level of abundance (N=53.00±4.08), richness (S= 30.75±1,71), diversity (H=3.24± 0.06) and evenness of species of the spiders (E=0.94±0.01) is found in the secondary forest and the lowest is found in the shrub. There is no dominant species in the secondary forest resulting in its evenness is being the highest among all habitat as shown in Fig. 3 . The diversity and evenness of the species is tested statistically. The results show that there is no significant different of the abundance and richness of the species as presented in Figure 4 . The diversity of the species of the spiders is the secondary forest is not significantly different from the plantation area. However, there is significant different of the abundance and richness of the species in the secondary forest and bushes ( F2,9 =9.65; P=0,005). Furthermore, the evenness of the species in the secondary forest is not significantly different from the plantation area but it is significantly different from the bushes (F 2,9 = 14.88; P = 0,001) ( Figure 4 ).
Discussion
The number of the spider family identified in this study has only reached 8.07 per cent of the total family of spiders in Indonesia and New Guinea. The number of species of the spiders reported from Indonesia and New Guinea are 58 family, 505 genera, and 1954 species (Stenchly, 2011) . The results of the study in the primary and disturbed tropical forests in Sabah, Malaysia on Borneo conducted by Floren (2005) reported there are 578 species in 29 families. The study of effects of forest fragmentation on canopy spider communities in Asian rain forests revealed that there are 33 families, 550 species and 5952 adult spiders found (Floren et al., 2011) . The number of spiders (families, genera and species) recorded from Southeast Asia are 50 families, 249 genera, 660 species from Indonesia; 42 families, 181genera, 463 species from Malaysia; 43 families, 175 genera, 455 species from Myanmar; 39 families, 189 genera, 426 species from Philippines; 39 families, 186 genera, 308 species from Singapore; 35 families, 82 genera, 156 species from Thailand; and 30 families, 134 genera, 230 species from Vietnam (Song et al., 2002) .
The number of family and species of spiders found can increase if the method used are not only pitfall traps and sweep net. Some previous studies using more than two methods in the sampling obtained more families and species of the spiders. The secondary forest has the highest level of abundance, richness, diversity and evenness of the species of the spiders compared to other habitat. Several factors influence the diversity of the spiders including the complexity of the structure of the vegetation, the depth of leaf litter and the human activities. The secondary forest is the primer forest that has been disturbed by the changing function of the forest to plantation area which is then neglected. To date, the secondary forest has succeeded in developing the more complex vegetation compared to the plantation area or the bushes. The complexity of vegetation in this habitat supports the life of spiders. McDonald (2007) reported that there is a relationship between the complex structure of the vegetation and the diversity of the species. the diversity generally increases when a greater variety of habitats are available (Hawksworth and Kalin-Arroyo, 1995) .
Spiders is generally closely related to the characteristics of the plant community. The spiders which create the web is directly related to the architecture of the vegetation due to the pre requisite requirement to place the web. Several studies also demonstrated the effect of plant diversity on habitat structure and microclimatic characteristics (Bell et al., 2001; Schuldt et al., 2008) . Tree species richness plays a prominent role in determining the canopy cover. Shading is important as it affects microclimatic conditions of the forest floor (Galle and Schweger, 2014) . The abundance of orbweavers is influenced by the physical structure of the vegetation and the availability of web sites (Greenstone, 1984) , the undisturbed bushes and sparse ground-layer vegetation in the secondary forest might be able to support a larger population of orbweaving spiders which require larger spaces for web construction (Chen and Tso, 2004) .
The leaf litter in the forest floor also influence the existence of spiders. The secondary forest is one of the habitat that has higher depth of leaf litter compared to the other habitat. The leaves falling to the forest floor is the suitable habitat for the spiders which live in the leave litter. The number of spiders will increase when the layer of leaves litter increase. The deep leave litter provides more spaces for spiders to hide and avoid the extreme temperature. The weaving spiders such as the member of Araneidae make circle silk web in the air between the leaves and branches and in the front of broken stones (Foleix, 1996) . The differences in the physical structure of leaf litter and its complexity can influence the species composition, spider abundance and diversity, it is generally increasing with increased litter depth in some studies (Uetz, 1979; Buddle and Rypstra, 2003) .
The plantation area is the habitat that has the lowest diversity of diversity as the place is dominated by one plant only, namely clove. Furthermore, the sampling was conducted during clove harvesting period so that the habitat was disturbed by the human activities. The cleaning activities under clove tree disturb the presence of spiders. There are some environment disturbances that negatively affect the abundance and the diversity of spiders, including: the cultivation of the soil, the plan pruning and the use of synthetic pesticides (Samu et al., 1996 ; Reichert and Lockley, 1984; Kostanjšek et al., 2015) . Generally, the increase of habitat disturbances will lead to the decrease of the species. Therefore, the change of the physical structure of the environment has a great influence on the preference of spiders' habitat, especially the species of spiders that make the web (Whitmore, 2002 
